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2. SEASONAL VARIATIONS IN
WORM BURDENS

The first article in this series described the worms which commonly infest sheep in Western Australia and the symptoms
caused by heavy infestations. This article outlines the effects
of seasonal changes on worm burdens in sheep.
By R. W . BUTLER, B.V.Sc., Senior Veterinary Parasitologist, Animal Health Laboratory.

AS a basis f o r planning a worm control programme i t is essential to have information
on the seasonal changes in w o r m burdens and on the factors which control these.
In
this article, t h e more important of these are considered.

passages in the sheep, are voided with
the droppings onto the pasture. Under
suitable conditions of temperature
and moisture these hatch, in from one
to several days, to give rise to very
small worms termed first stage larvae.
These small creatures feed on
bacteria in the dung, and after a
period of active growth, moult and
become larger second stage larvae
which in turn grow rapidly and again
moult to third stage larvae. The old
second stage skin is not cast off during the second moult but Is retained
as a closely applied sheath around the
third stage larvae, giving it some protection against drying out during the
remainder of the time spent outside
the host.
The third stage larva is the final
the free-living phase, and no further
development can occur unless it is
ingested by a sheep. For this reason,
the term "infective larvae" is commonly applied to this stage.
The infective larvae migrate from
the dung and climb onto the herbage.
Infective larvae of most species wait
here to be taken in by the grazing
animal. Important exceptions to this
are the hookworms (Bunostomum

Factors affecting the acquisition of a
worm burden

The build-up of worm burdens In sheep
depends mainly on:
• The availability of infective larvae.
• The susceptibility of the sheep.
Other considerations, such as the type
of pasture, pasture management, stocking
rate, age and nutrition, all influence the
development and survival of young worms
and the susceptibility of the sheep.
The availability of infective larvae

The immediate source of worm infestations is the presence of immature parasites
on the pasture. The conditions which
favour the development and survival of
these have a direct effect on the build-up
of worm infestations In the animal.
A knowledge of the life cycle of worms
is necessary as a background against
which these conditions can be considered.
The Life Cycle
All worms have a well-established life
cycle and the main species found in W.A.
follow a similar pattern, which can be
outlined as follows:—
Eggs, laid by adult females in the
fourth stomach intestines or air
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trigonacephalum) and a hairworm of different worm species but Gordon (1953)
the small intestine (Strongyloides has established a useful guide:
species), the infective larvae of which
A mean maximum temperature of
can penetrate the skin of the feet,
between 55° and 65° F. and a monthly
legs, and other parts of the body.
rainfall of 2 inches or more, provide
Having entered the sheep, the young
the most suitable conditions for the
worms cast their sheaths and dependdevelopment of black scour worms
ing on the species, become closely
(Trichostrongylus
species), brown
applied to or burrow into the lining
stomach worm (Ostertagia species)
membrane of the stomach or intestine.
and large mouthed bowel worm (ChaAfter two further moults, they become
oertia ovina). For the barber's pole
adult male or female worms.
worm (Haemonchus contortus) a mean
In hookworms and Strongyloides,
maximum temperature of 65° to 75° F.
the developmental stages within the
coupled with a monthly rainfall of 2
sheep follow a different path. The
inches or more provides the most
infective larvae of these species cast
favourable conditions.
their sheaths after penetrating the
Development does not cease abruptly at
body, and enter the blood stream.
these
limits of temperature and rainfall.
They are carried to the lungs, where
they break out into the small air As temperatures fall below the lower
passages, migrate up the wind pipe, limits, hatching and development continue
are swallowed and eventually grow to but at a much slower rate, thus increasthe adult stage in the small intestine. ing the time taken to reach the infective
Lungworm larvae penetrate the intes- stage. The third stage larvae of most
tinal wall, and are carried by the species can withstand very low temperalymphatic system and the blood tures. At higher temperatures, developstream to the lungs, where they ment is usually rapid but the death rate
eventually reach maturity.
increases and fewer larvae survive through
to the infective stage.
The time taken for the completion of
Humidity is critical to both hatching
the free-living phase, that is for hatching
of the eggs and development of the larvae and survival of all stages. Under very dry
on the pasture to the infective third stage, conditions where the dung dries out rapidly,
varies from a minimum of five to seven hatching virtually ceases and any first or
days up to several weeks, depending on second stage larvae that do appear rapidly
species and on temperature and moisture die. The third stage larvae, by virtue of
its protective sheath, is better able to
conditions.
Likewise, the time taken for develop- withstand dry conditions than earlier
ment within the sheep from infestation stages but even it cannot survive very low
by infective larvae until these reach the humidity for any length of time.
adult stage and begin laying eggs varies
Worm species difTer considerably in
with the species concerned. The barber's their ability to withstand varying compole worm and some of the other gastro- binations of temperature and humidityintestinal species take about 17 to 21 days, The brown stomach worm can develop
while the large mouthed bowel worm and survive at lower temperatures than
requires seven or eight weeks.
the barber's pole worm, while the black
The general life cycle is illustrated scour worm can withstand much drier
conditions than the barber's pole worm
diagrammatically in Figure 1.
Lungworm larvae can withstand very low
Effects of temperaure and moisture
temperatures, but not dryness.
During the free-living phase the eggs
Both the eggs and larvae of the thin
and larvae are subject to climatic effects,
and two most critical of which are tem- necked intestinal worm
(Nematodirus
perature and moisture.
species),
are
very
resistant
to
low temperaIt is difficult to establish exact temture
and
dryness.
This
species
differs in
perature and rainfall limits for the its development from other species
in that
56 development to the third or infective stage
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is completed within the egg before hatching.
In general, the most favourable conditions for development and survival of
young worms on the pasture are provided
by a combination of mild temperatures
and high rainfall, while a combination of
high temperature and low humidity are
completely unfavourable.
The mild, wet winters and early spring
of most sheep-raising districts of Western
Australia favour the development of large
numbers of infective larvae of brown
stomach worms, stomach hair worms, black
scour worms, thin necked intestinal
worms, large mouthed bowel worms and
lungworms on the pastures, making this
the period of maximum infestation.
Winter temperatures are generally a
little too low for the barber's pole worm;
maximum numbers of this species occur
during late autumn and again when temperatures rise during early spring. There
are exceptions to this general rule; for
example, near the south coast, winter
temperatures are sometimes high enough
to permit the development of significantly
large numbers of this worm.
Another factor which must be taken
into account is that the female barber's
pole worm is capable of producing extraordinarily large numbers of eggs and the
development of even a relatively low proportion of these can provide enough third
stage larvae to enable sheep to acquire
heavy burdens.
The hot, dry weather of summer inhibits
the development, and reduces the survival
time, of the larvae of practically all worms.
West Australian trials has shown that little
or no infestation is acquired by sheep
during summer. A notable exception is
the barber's pole worm in areas where
moisture is provided by irrigation or other
special features. Areas influenced by
se
epage of water into the soil along the
banks of slow-running creeks, swampy
a
reas and other such places can provide
enough moisture for the development of
barber's pole worm larvae, and such sites
can be responsible for serious infestations
ir
» spite of generally unfavourable climatic
conditions. These special features are
common in the Bridgetown, Manjimup and
Margaret River districts.

The effect which climatic conditions
have upon the development of the different
worm species explains the distribution of
these within the agricultural areas. For
example, the black scour worm, with its
greater resistance to dryness, is the predominant worm in the wheatbelt, while
its ability to withstand lower temperatures
makes it also an important parasite (with
other species) in the cooler areas of the
South-West.
The susceptibility of the sheep

Adult sheep acquire a resistance to
worm infestation.
This resistance is a
sequel to experience of infestation and is
not due solely to age.
There is a marked variation in the
development of resistance between sheep.
Resistance to the different worm species
is also variable.
For example, the resistance developed
against the black scour worm is strong
and persistent while that developed
against the barber's pole worm is temporary and easily broken down.
Because resistance develops as a result
of experience of infestation, it follows
that the young lamb is fully susceptible to
infestation and its resistance gradually
builds up following exposure to infestation. Observations in W.A. indicate that
most young sheep have acquired significant resistance to infestation with black
scour worm, stomach hair worm, brown
stomach worm, large mouthed bowel worm
and lungworms by the time they reach
10 to 12 months of age.
Age resistance to infestation by the thin
necked intestinal worm appears to be
unrelated to exposure.
The essential part played by exposure
to infestation in the development of
resistance becomes an important practical
consideration when introducing adult
sheep raised in very dry (pastoral) country
into districts which have a higher rainfall. As such sheep may not have been
subjected to more than slight infestations
at any time of their lives they remain
susceptible in spite of age. Several outbreaks of heavy infestation, especially
with black scour worm, have been recorded
in older sheep, introduced from drier
districts into the South-West.
57
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As mentioned above, resistance to
barber's pole worm is variable and is of
little practical value. It is well recognised
that sheep of all ages can develop heavy
and even fatal burdens of this species in
spite of recovery from previous infestations.
It must be emphasised that resistance is
not absolute and can break down under
stress conditions; the precise mechanism
is still not known and further information
is required befere we are able to exploit
fully this important factor in worm
control measures.
Nutrition
A high plane of nutrition does not
prevent the establishment of a worm
burden but usually has a marked influence
on a sheep's ability to withstand the
effects of a burden already acquired, wellfed sheep show less apparent ill-effects
from worm infestation than poorly-fed
sheep, although heavy worm burdens tend
to cause serious ill-thrift or death regardless of condition. Nevertheless the importance of adequate nutrition cannot be
over-emphasized.
Type of pasture
The type of pasture can influence the
survival of infective larvae. An old
pasture which has developed a deep "mat"
can provide high humidity for some time
after rains cease. Also the temperature
within the "mat" may be lower than that
of the surrounding atmosphere. These
two factors together favour larval survival.
An open, well-grazed pasture, on the other
hand, affords little protection. Until
recently, increasing the stocking rate was
thought likely to lead to an increase
in worm infestation; observations have
shown that this is not necessarily the case.
Earlier views were based in the assumption
that an increased stocking rate would
directly increase the infection rate of the
pasture, but it would appear that other
factors may counteract this. For example,
a higher rate of stocking could lead to
shorter, more open pastures, making conditions less suitable for development of
the larvae. The nutritional value of the
pasture may be altered, affecting the
ability of sheep to tolerate worm Infestation. The worm species present in relation

to the age of the sheep involved is a
further consideration.
Grazing management
Pasture management can also influence
the degree of infestation acquired by
sheep.
Theoretically, a well-planned system of
rotational grazing should reduce the
infestation, but the efficiency of this
system will depend on how long a pasture
must be spelled to give a significant reduction in the number of larvae. This in turn
will depend largely on the weather, and
observations in W.A. indicate that during
the winter and early spring, even a four
to five week's spell might not reduce the
number of surviving larvae to a safe level.
Conversely, set stocking, especially at
high rates, might be expected to lead to
increases in worm infestation but this is
not necessarily the case. The influence
of grazing on the nature of the pasture,
the worm species present in relation to
the age of sheep and the grazing behaviour
of sheep can all influence the degree of
infestation ultimately acquired.
More information is required on the
subjects of stocking rate and pasture
management before definite statements
can be made.
However, local observations do show
that severe infestations of barber's pole
worm can occur in sheep which are set
stocked at high rates, where climatic
conditions favour this species.
The severity of ill-effects caused is
directly related to the number of worms
present.
However, the number of worms required
to cause ill-effects varies with the worm
species present. Two or three hundred
large mouthed bowel worms can cause
severe disease in a weaner, while several
thousand black scour worms can be tolerated without apparent ill-effect.
However, a total burden which is too
low to cause obvious disease can be
responsible for slower growth rate, lowered
wool production and lack of "bloom" on
a carcass.
Whether sheep acquire a heavy burden,
with resultant ill-effects, or a small number not affecting health will depend on an
interplay between the various factors
discussed above.
59
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SEASONAL CHANGES IN WORM BURDENS IN WESTERN
AUSTRALIA
Trials have been conducted in various districts of the agricultural areas of Western Australia
to study the effects of climate on worm burdens of sheep in this State. The results have
revealed a remarkably consistent pattern in young sheep w i t h i n each climatic zone.
Autumn-born lambs

In autumn-born lambs the worm burden
gradually builds up during late winter and
spring to reach a peak about September
or October, a period which coincides with
climatic conditions most suitable for the
development of worm larvae on the
pasture.
This is followed in November-December
by a sharp decline to much lower levels
until early January.
From mid January, worm numbers
again rise to a second peak, usually in
March. This level approaches that reached
in spring, and persists until soon after the
first rains fall. Thereafter, the burden
rapidly declines to a very low level and
remains low through the ensuing winter
months, in spite of climatic conditions
which favour the development of young
worms on the pasture.
The fall in the worm burden in
November-December is probably the result of a combination of factors. In most
districts, rains have stopped by this time
and temperatures have risen, making
conditions relatively unsuitable for larval
development. Furthermore, sheep have
begun to develop resistance, aided by the
high plane of nutrition provided by spring
pastures. These factors, acting together,
explain the decline in burdens observed
at this time.
The heavy infestations with adult worms
recorded in late summer and early
autumn, when the hot dry conditions are
most unfavourable for development of
larvae on the pasture, appear to result
from renewed activity of larvae picked up
during the spring but retarded in their
development to the adult stage. This retardation is probably a function of resistance, but the mechanisms involved in
retardation and subsequent release are not
clearly understood, and require further
investigation.

In seasons which are particularly
favourable for the development of larvae
on the pastures, lambs can acquire very
heavy burdens much earlier than September. Some serious outbreaks of disease
due to black scour worms have been
recorded as early as late July and August.
The rapid loss of worm burdens following the onset of the autumn rains appears
to be a result of the development of resistance, probably combined with an improvement in nutrition. This is borne out by
the observation that these young sheep
generally do not acquire heavy burdens
during the following winter.
An exception to this general rule occurs
where the climate in a particular autumn
and winter favours the development of the
barber's pole worm, resulting in heavy
infestations.
Late winter 1 —early spring-born iambs

The trials have shown that lambs born
during July-August acquire very much
lower worm burdens in their first year
than do autumn-born lambs.
The burden steadily increases through
to early summer and is maintained at a
relatively steady level until after the first
autumn rains, when it rapidly declines to
a low level.
The lower burdens acquired by late
winter and spring-born lambs are undoubtedly due to a reduced period of
exposure to heavy larval infestations on
the pastures. These animals do not
acquire heavy burdens during the following winter.
Lambs born very late in the spring,
when pasture infestation has declined to
very low levels, acquire practically no
infestation during early life but remain
susceptible and acquire heavy burdens
during the following winter.
80
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shown that they too develop lower
Adult sheep
As mentioned earlier, sheep older than burdens than in their first year.
In general, the worm burdens acquired
10 to 12 months, in the higher rainfall
districts, have developed a reasonable by 2-tooths have been at a level which
degree of resistance to practically all worm would not be expected to cause serious
species in this State, except barber's pole ill-effects.
worm. Consequently, serious worm infes- Lambing ewes
tations in adults are usually confined to
Trials with ewes have shown that
this species and will follow climatic con- the worm egg production has increased
ditions favourable to its development on markedly at lambing, with a steady decline
the pasture. Adult sheep from dry pastoral over the following two months to eventuareas, as noted above, are an important ally reach the pre-lambing level.
exception. These may have little or no
This has been observed with ewes lambresistance to worms and may rapidly ing in autumn as well as those lambing
become heavily parasitised under favour- later in the season, but total worm egg
able conditions.
counts were much lower in the laterObservations on autumn-born sheep lambing ewes and the subsequent decline
during the second year of their lives have took place over a shorter period.
shown that the pattern of worm infestaThe increased contamination of pastures
tion follows that shown during the first with worm eggs at times when lambs—
year, but the burdens are very much lower. fully susceptible to worm infestation—are
Limited observations on July-August born beginning to graze is an important conlambs during their second year have sideration in relation to control measures.
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